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(54) Transmission antenna directivity control apparatus and method 



(57) In a transmission antenna directivity control ap- 
paratus, a reception multi-beam generation section 
(1 03) executes weights and combines reception signals 
from reception array antenna elements (101) using a 
preset weight coefficient to generate reception multi- 
beams. A transmission weight coefficient generation 
section (106) generates, in accordance with detected 
powers of the reception multi-beams, a transmission 
weight coefficient for transmission data in correspond- 
ence with each of transmission multi-beams corre- 
sponding to transmission array antenna elements (1 09). 
A transmission multi-beam generation section (107) 



multiplies the transmission data by the transmission 
weight coefficient to generate the transmission multi- 
beams and supplies them to the corresponding trans- 
mission array antenna elements. In the transmission 
weight coefficient generation section, a power ratio cal- 
culation section calculates a power ratio of a maximum 
power of the detected powers of the reception multi- 
beams to the power of a beam adjacent to the maximum 
power beam, which exhibits a larger power beam, and 
a transmission weight coefficient calculation section 
(1 06) calculates the transmission weight coefficient on 
the basis of the power ratio. A transmission antenna di- 
rectivity control method is also disclosed. 
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Description 

Background of the Invention 

[0001] The present invention relates to a transmission 
antenna directivity control scheme for receiving a re- 
verse link radio wave by a plurality of reception array 
antenna elements and controlling the directivity of a for- 
ward link transmission signal to be transmitted from 
each of a plurality of transmission array antenna ele- 
ments in accordance with the reception signal. 
[0002] The CDMA (Code Division Multiple Access) 
scheme can increase the subscriber capacity and is ex- 
pected as a radio access scheme for a next-generation 
mobile communication cellular system. However on the 
base station receiving side, another user signal simul- 
taneously accessing using the same carrier causes in- 
terference, and on the mobile station receiving side, a 
signal transmilted to another user causes interference. 
To remove such interference, an array antenna is used. 
[0003] In an array antenna, signals are transmitted/ 
received by a plurality of antennas and subjected to 
weighting and combining using complex numbers to 
form directivity beams while controlling the amplitude 
and phase of the reception signal of each antenna, 
thereby suppressing interference with another user. An 
example of such array antenna control scheme is a mul- 
ti-beam scheme. 

[0004] Fig. 7 shows a conventional transmission di- 
rectivity control apparatus using a multi-beam scheme. 
In this multi-beam scheme, a signal is received by N (N 
is an integer of 2 or more) antenna elements 1-1 to 1-N 
laid out in proximity in a reception array antenna section 

1 and converted into digital signals by A/D converters 
2-1 to 2-N arranged in an A/D conversion section 2 in 
correspondence with the antennas. 

[0005] In a reception beam forming section 3, the re- 
ception signals output from the A/D conversion section 

2 are multiplied by a weight coefficient, which is calcu- 
lated in advance, by multipliers using M (M is an integer 
of 2 or more) beam formers 3-1 to 3-M for fixed beams. 
Next, the signals after multiplication are combined to 
control the phases and amplitudes, thereby realizing re- 
ception of beams formed in specific directions. 
[0006] The M fixed beams are laid out to cover a pre- 
determined spatial area (e.g., a sector) as uniform as 
possible. Fig. 4 shows, as multi-beam patterns, a case 
wherein a ±90° area is covered using six quadrature 
multi-beams A to F. The quadrature multi-beams are 
formed such that the peak position of each multi-beam 
corresponds to the null level of other corresponding 
beams. 

[0007] On the receiving side, a beam power detection 
section 4 measures the power of the output from each 
of the beam formers 3-1 to 3-M and notifies a beam out- 
put selecting/combining section 5 of each reception 
power together with a beam number. The beam output 
selecting/combining section 5 selects and combines 



one or more beams that exhibits high-level reception 
powers from the reception powers and outputs the com- 
bined beam. When the multi-beams shown in Fig. 4 are 
used, the reception gain degrades by about 4 dB from 
5 the beam peak near the intersection of two adjacent 
beams. Hence, for the signal of the desired radio wave 
that arrives from the intersection direction, the reception 
power can be compensated by receiving the signal by 
two adjacent beams at the intersection and combining 
io the outputs. 

[0008] When forward link transmission is to be per- 
formed using the multi-beam scheme, using the recep- 
tion powers detected by the beam power detection sec- 
tion 4, a beam that exhibits the maximum reception pow- 

15 er is selected by a maximum beam weight selection sec- 
tion 6. A transmission beam forming section 7 transmits 
user data using a forward link weight coefficient corre- 
sponding to the selected beam. The signal from the 
transmission beam forming section 7 is converted into 

20 analog data by D/A converters 8-1 to 8-N and transmit- 
ted through transmission array antennas 9-1 to 9-N. 
[0009] In executing forward link transmission using 
the multi-beam scheme, when the user is near the in- 
tersection of two adjacent beams, the transmission di- 

25 rectibn shifts from an optimum direction even when one 
of the two beams is selected and transmitted. 
[0010] To solve this problem, the number of fixed 
beams is increased, and the resolving power in the 
transmission direction is raised. However, this increases 

30 the calculation amounts of the reverse link beam form- 
ers 3-1 to 3-M and maximum beam weight selection sec- 
tion 6. 

Summary of the invention 

35 

[0011] It is an object of the present invention to pro- 
vide a transmission antenna directivity control appara- 
tus and method capable of improving the transmission 
direction accuracy of a transmission beam with a simple 

40 arrangement. 

[0012] In order to achieve the above object, according 
to the present invention, there is provided a transmis- 
sion antenna directivity control apparatus for controlling 
directivity formed by a plurality of transmission array an- 

45 tenna elements for a radio wave signal arrival direction 
to a plurality of reception array antenna elements, com- 
prising reception multi-beam generation means for 
weighting and combining reception signals from the re- 
ception array antenna elements using a preset weight 

50 coefficient to generate reception multi-beams, transmis- 
sion weight coefficient generation means for generating, 
in accordance with detection powers of the reception 
multi-beams from the reception multi-beam generation 
means, a transmission weight coefficient for transmis- 

55 sion data in correspondence with each of transmission 
multi-beams corresponding to the transmission array 
antenna elements, and transmission multi-beam gener- 
ation means for multiplying the transmission data by the 
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transmission weight coefficient from the transmission 
weight coefficient generation means to generate the 
transmission multi-beams and supplying the transmis- 
sion multi-beams to the corresponding transmission ar- 
ray antenna elements, the transmission weight coeffi- 
cient generation means comprising power ratio calcula- 
tion means for calculating a power ratio of a maximum 
power of the detection powers of the reception multi- 
beams to an adjacent power of the maximum power 
beam, which exhibits a larger power beam, and trans- 
mission weight coefficient calculation means for calcu- 
lating the transmission weight coefficient on the basis of 
the power ratio from the power ratio calculation means. 

Brief Description of the Drawings 

[0013] 

Fig. 1 is a block diagram of a transmission antenna 
directivity control apparatus according to the first 
embodiment of the present invention; 
Fig. 2 is a block diagram of reception beam formers 
shown in Fig. 1 ; 

Fig. 3 is a block diagram of a transmission beam 
former shown in Fig. 1; 

Fig. 4 is a view showing multi-beam patterns; 
Fig. 5A is a block diagram of a transmission weight 
generation section according to the second embod- 
iment of the present invention; 
Fig. 5B is a flow chart showing transmission weight 
generation operation: 

Fig. 6 is a view showing multi-beam patterns includ- 
ing interpolation beams; and 
Fig. 7 is a block diagram of a conventional trans- 
mission antenna directivity control apparatus. 

Description of the Preferred Embodiments 

[0014] The present invention will be described below 
in detail with reference to the accompanying drawings. 
[001 5] Fig. 1 shows a transmission antenna directivity 
control apparatus according to the first embodiment of 
the present invention. Referring to Fig. 1, signals re- 
ceived by N reception array antenna elements 1 01 -1 to 

101- N are A/D-converted by A/D converters 102-1 to 

102- N arranged in correspondence with the elements. 
The A/D-converted signals from the A/D converters 

102- 1 to 102-N are output to M beam formers 103-1 to 

103- M, respectively. 

[0016] The beam formers 103-1 to 103-M weight and 
combine the reception signals using a weight coeffi- 
cient, which is calculated in advance, by multipliers 
301-1 to 301 -N, thereby generating M multi-beam out- 
puts, as shown in Fig. 2. The M formed beams are output 
to a beam power detection section 1 04 and beam output 
selecting/combining section 105. 

[0017] The beam power detection section 104 obtains 
the M reception signal powers of the multi-beams and 



outputs the results to the beam output selecting/com- 
bining section 105 and transmission weight generation 
section 1 06. The beam output selecting/combining sec- 
tion 1 05 selects and combines one or more beams of 

5 the M outputs from the beam formers 103-1 to 103-M 
on the basis of the reception power information from the 
beam power detection section 104. 
[0018] In the transmission weight generation section 
106, a beam number p1 and beam power P1 of a beam 

io that exhibits the maximum power, and a beam number 
p2 and beam power P2 of one of adjacent beams, that 
exhibits a larger power, are obtained on the basis of the 
reception power information from the beam power de- 
tection section 104. A power ratio R p is calculated from 

15 the beam powers P1 and P2. An arrival direction shift 4 
is calculated from the power ratio R p , and a weight co- 
efficient is calculated from the beam numbers p1 and p2. 
[0019] As shown in Fig. 3, in a transmission beam 
forming section 107, transmission signals for the re- 

20 spective elements are weighted using the weight coef- 
ficient by multipliers 401-1 to 401 -N of a transmission 
beam former 107-M and then output to D/A converters 

108- 1 to 108-N of a D/A conversion section 108. The 
signals D/A-converted by the D/A converters 108-1 to 

25 108-N are output through transmission array antennas 

109- 1 to 109-N as beam-formed signals. 

[0020] When a reception beam direction that gives the 
maximum power output to a transmission beam is used, 
the transmission direction shift becomes large ("A" in 

30 Fig. 4). In the present invention, the amount of the trans- 
mission direction shift is detected from the power infor- 
mation of the reception beam, and the weight coefficient 
of the transmission beam is corrected on the basis of 
the detected shift amount. With this arrangement, the 

35 transmission direction accuracy of the transmission 
beam can easily be improved. 

[0021 ] The above-described transmission antenna di- 
rectivity control apparatus will be described in more de- 
tail. A reception array antenna section 1 01 has the plu- 

40 rality of array antenna elements 101-1 to 101-N to re- 
ceive CDMA signals. An A/D conversion section 102 
has the N A/D converters 1 02-1 to 1 02-N to A/D-convert 
the outputs from the array antenna elements 101-1 to 
101-N, respectively. 

45 [0022] A reception beam forming section 1 03 has the 
M beam formers 103-1 to 103-M to receive the outputs 
from the A/D conversion section 102 and execute beam 
forming using multi-beams, thereby forming M beam 
outputs. The beam power detection section 104 meas- 

50 ures the power of each of the beam outputs beam- 
formed by the beam formers 103-1 to 103-M. The beam 
output selecting/combining section 105 selects and 
combines one or more high-level outputs from the beam 
outputs on the basis of the power information of each 

55 beam from the beam power detection section 1 04. 

[0023] The transmission weight generation section 
1 06 generates a transmission weight on the basis of the 
power information of each beam from the beam power 
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detection section 104 such that a transmission beam 
more accurate than the direction resolving power of re- 
verse link multi-beams can be formed. The transmission 
beam forming section 1 07 sends the weighted transmis- 
sion data to each antenna element, thereby executing 
beam forming for the transmission data. The D/A con- 
version section 1 08 has the N D/A converters 1 08-1 to 
1 08-N to D/A-convert the outputs from the transmission 
beam forming section 107. 

[0024] A transmission array antenna section 1 09 has 
the plurality of array antenna elements 109-1 to 109-N 
to transmit the transmission data from each antenna. 
[0025] The operation of the transmission weight gen- 
eration section 106 will be described in more detail. A 
linear array with six elements is used as the array an- 
tenna. For the simplicity, the antenna element interval 
is assumed to be a half -wavelength interval for both 
transmission and reception. When the multi-beams 
shown in Fig. 4 are used, the weight coefficient of each 
beam is calculated by 

Wn(p) = (1/6)exp{j27t(1/6)(p - 1)(n - 1) 

+ j(H/6)(n-1)} (1) 

where p (p = 0 to 5) is the beam number, and n (n = 0 
to 5) is the antenna weight number. 
[0026] First, the transmission weight generation sec- 
tion 106 receives the power information of each beam 
from the beam power detection section 1 04. Next, a de- 
tection section 106-1 detects the beam number p1 and 
reception power P1 of a beam that exhibits the maxi- 
mum power, and the beam number p2 and power P2 of 
one of adjacent beams : that exhibits a larger power. A 
power ratio calculation section 106-2 calculates the 
power ratio R p of the two detected powers P1 and P2 
using 

Rp=P1/P2 (2) 

[0027] A direction shift calculation section 1 06-3 cal- 
culates a signal arrival direction shift 4 from the beam 
center direction on the basis of the obtained power ratio 
R p using 

4>p = f(Rp) (3) 

[0028] The reverse characteristic of this function can 
easily be calculated from the gain characteristic of the 
beam. For this reason, the signal arrival direction shift 
<|> is preferably obtained by looking up a table in a ROM 
(Read Only Memory) or the like which stores the corre- 
lation between the signal arrival direction shift 4 and the 
power ratio R p in advance. 

[0029] A weight coefficient calculation section 106-4 



adds a direction correction term serving as a signal ar- 
rival direction control term to the weight coefficient used 
for reverse link reception in accordance with equations 
(1 ) and (3) to obtain a weight coefficient to be used for 
5 forward link transmission using 

Wn(p1 lP 2,(J>) = (1/6)exp{j27i(1/6)(p1-1)(n-1) 
10 + j(*/6)(n-1 )+j(p2-p1 )jrsincj>} (4) 

[0030] Fig. 4 shows six multi-beam patterns in recep- 
tion. In reverse link reception , when a signal arrivesf rom 
a direction indicated by an arrow in Fig. 4, the transmis- 
15 sion weight generation section 106 for forward link 
transmission detects p1 as "A" and p2 as "B" from the 
reception power output from the beam power detection 
section 104. 

[0031] In this case, in equation (4), p1 of the first term 
20 on the right-hand side represents that "A" is used as a 
reference beam, (p2-p1 ) of the third term represents the 
position of the adjacent beam, i.e., left or right side, with 
a positive or negative value, and n sin <j> represents the 
magnitude of beam direction control. 
25 [0032] Fig. 5A shows a transmission weight genera- 
tion section according to the second embodiment of the 
present invention, and Fig. 5B explains transmission 
weight generation operation. 

[0033] In the embodiment shown in Fig. 1 , the weight 

30 coefficient is appropriately calculated from the ratio of 
reverse link reception powers. However, as shown in 
Fig. 4, near the beam center, the difference between the 
reception powers of two adjacent beams becomes 
large, resulting in difficulty in calculating the signal ar- 

35 rival direction shift 4. This is because it hard to detect 
weak reception power, or the range of presence of Rp 
widens : and the table of equation (3) has a larger scale. 
[0034] As shown in Fig. 6, interpolation beams (thin 
solid lines) are prepared between the multi-beams 

40 shown in Fig. 4, and it is only determined whether the 
interpolation beam is selected. The operations of a de- 
tection section 505-1 and calculation section 505-2 
(steps S11 and S12) are the same as those of the de- 
tection section 1 06-1 and power ratio calculation section 

45 106-2 shown in Fig. 1. An appropriate threshold value 
RTH is prepared for the power ratio R p obtained by the 
calculation section 106-2, and a comparison section 
505-3 compares the power ratio Rp with the threshold 
value RTH (step S13). 

so [0035] When the comparison result indicates R p ^ 
RTH, a weight selection section 505-4 uses an interpo- 
lation beam between beam powers p1 and p2 (step 
S14). If R p > RTH, the fixed beam p1 that exhibits the 
maximum reception power is used (step S15). In this 

55 case, the direction resolving power of a transmission 
beam is doubled. The threshold value can easily be cal- 
culated from the gain characteristic of the beam. 
[0036] As a method of selecting a weight coefficient 
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corresponding to the fixed beam with the beam power 
p1 by the weight selection section 505-4, weight coeffi- 
cients corresponding to the fixed beams (transmission 
beams corresponding to "A" to "F" in Fig. 4) are regis- 
tered in advance in a table 505-5a formed from a record- 
ing medium such as a ROM, and the table 505-5a is 
looked up. 

[0037] As a method of selecting an interpolation beam 
between the beam powers p1 and p2, similarly, weight 
coefficients corresponding to the interpolation beams 
are registered in a table 505-5b in advance, and the ta- 
ble 505-5b is looked up. 

[0038] As has been described above, according to the 
present invention, a transmission beam having a direc- 
tion resolving power more accurate than that of multi- 
beams used in reception can easily be formed. 



Claims 

1. A transmission antenna directivity control appara- 
tus for controlling directivity formed by a plurality of 
transmission array antenna elements (109-1 - 
109-N) for a radio wave signal arrival direction to a 
plurality of reception array antenna elements (101-1 
- 101-N), characterized by comprising: 

reception multi-beam generation means (103) 
for weighting and combining reception signals 
from the reception array antenna elements us- 
ing a preset weight coefficient to generate re- 
ception multi-beams; 

transmission weight coefficient generation 
means (106) for generating, in accordance with 
detection powers of the reception multi-beams 
from said reception multi-beam generation 
means, a transmission weight coefficient for 
transmission data in correspondence with each 
of transmission multi-beams corresponding to 
the transmission array antenna elements; and 
transmission multi-beam generation means 
(107) for multiplying the transmission data by 
the transmission weight coefficient from said 
transmission weight coefficient generation 
means to generate the transmission multi- 
beams and supplying the transmission multi- 
beams to the corresponding transmission array 
antenna elements, 

said transmission weight coefficient generation 
means comprising 

power ratio calculation means (106-2; 505-2) 
for calculating a power ratio (R) of a maximum 
power (P1) of the detection powers of the re- 
ception multi-beams to an adjacent power (P2) 
of the maximum power beam, which exhibits a 
larger power beam, and 

transmission weight coefficient calculation 
means (106-3, 106-4; 505-3, 505-4) for calcu- 



lating the transmission weight coefficient on the 
basis of the power ratio from said power ratio 
calculation means. 

5 2. An apparatus according to claim 1 , wherein said 
transmission weight coefficient calculation means 
comprises 

shift amount detection means (106-3) for de- 
w tecting a radio wave arrival direction shift 

amount from a beam center direction on the ba- 
sis of the power ratio from said power ratio cal- 
culation means, and 

calculation means (106-4) for calculating the 
15 transmission weight coefficient corrected in ac- 

cordance with the shift amount from said shift 
amount detection means. 

3. An apparatus according to claim 2, wherein 

20 

said transmission weight coefficient generation 
means further comprises beam number detec- 
tion means (106-1) for detecting a beam 
number (p1) of the maximum power and a 

25 beam number (p2) of the adjacent power, and 

said calculation means calculates the transmis- 
sion weight coefficient by a function which uses 
the shift amount from said shift amount detec- 
tion means as a direction correction term and 

30 the beam number from said beam number de- 

tection means as a variable. 

4. An apparatus according to one of claims 1 to 3, 
wherein said transmission weight coefficient gener- 

35 ation means further comprises 

first weight coefficient storage means (505-5a) 
which stores a weight coefficient corresponding 
to each of the transmission multi-beams in ad- 

40 vance, 

second weight coefficient storage means 
(505-5b) which stores in advance a weight co- 
efficient corresponding to each of interpolation 
beams inserted between adjacent beams of the 

45 transmission multi-beams, and 

selection means (504) for selecting one of the 
weight coefficients stored in said first and sec- 
ond weight coefficient storage means in ac- 
cordance with a value of the power ratio from 

50 said power ratio calculation means. 

5. An apparatus according to claim 4, wherein when 
the power ratio from said power ratio calculation 
means is larger than a predetermined threshold val- 
55 ue, said selection means selects said first weight 
coefficient storage means and outputs the weight 
coefficient of the transmission beam corresponding 
to the maximum power to said transmission multi- 
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beam generation means. 

6. An apparatus according to claim 4 ? wherein when 
the power ratio from said power ratio calculation 
means is not more than a predetermined threshold s 
value, said selection means selects said second 
weight coefficient storage means and outputs the 
weight coefficient of the interpolation beam be- 
tween the maximum power and the adjacent power 

to said transmission multi-beam generation means. 10 

7. A transmission antenna directivity control method 
of controlling directivity formed by a plurality of 
transmission array antenna elements (109-1 - 

1 09-N) for a radio wave signal arrival direction to a is 
plurality of reception array antenna elements (1 01 -1 
- 1 01 -N), characterized by comprising the steps of: 

weighting and combining reception signals 
from the reception array antenna elements us- 20 
ing a preset weight coefficient to generate re- 
ception multi-beams; 

generating, in accordance with detection pow- 
ers of the generated reception multi-beams, a 
transmission weight coefficient for transmis- 25 
sion data in correspondence with each of trans- 
mission multi-beams corresponding to the 
transmission array antenna elements; and 
multiplying the transmission data by the gener- 
ated transmission weight coefficient to gener- 30 
ate the transmission multi-beams and supply- 
ing the transmission multi-beams to the corre- 
sponding transmission array antenna ele- 
ments, 

the transmission weight coefficient generation 35 
step comprising the steps of 
calculating a power ratio (R) of a maximum 
power (P1) of the detection powers of the re- 
ception multi-beams to an adjacent power (P2) 
of the maximum power beam, which exhibits a 40 
larger power beam, and 
calculating the transmission weight coefficient 
on the basis of the calculated power ratio. 

. A method according to claim 7, wherein the trans- 45 
mission weight coefficient generation step compris- 
es the steps of 



step further comprises the step of detecting a 
beam number (pi ) of the maximum power and 
a beam number (p2) of the adjacent power, and 
the calculation step comprises the step of cal- 
culating the transmission weight coefficient by 
a function which uses the detected shift amount 
as a direction correction term and the detected 
beam number as a variable. 

1 0. A method according to one of claims 7 to 9, wherein 
the transmission weight coefficient generation step 
further comprises the step of, in accordance with a 
value of the calculated power ratio, selecting one of 
a first table (505-5a) which stores a weight coeffi- 
cient corresponding to each of the transmission 
multi-beams in advance and a second table 
(505-5b) which stores in advance a weight coeffi- 
cient corresponding to each of interpolation beams 
inserted between adjacent beams of the transmis- 
sion multi-beams. 

11. A method according to claim 1 0, wherein the selec- 
tion step comprises the step of, when the calculated 
power ratio is larger than a predetermined threshold 
value, selecting the first table and outputting the 
weight coefficient of the transmission beam corre- 
sponding to the maximum power. 

12. A method according to claim 1 0, wherein the selec- 
tion step comprises the step of, when the calculated 
power ratio is not more than a predetermined 
threshold value, selecting the second table and out- 
putting the weight coefficient of the interpolation 
beam between the maximum power and the adja- 
cent power. 



detecting a radio wave arrival direction shift 
amount from a beam center direction on the ba- so 
sis of the calculated power ratio, and 
calculating the transmission weight coefficient 
corrected in accordance with the detected shift 
amount. 

55 

A method according to claim 8, wherein 

the transmission weight coefficient generation 
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